The space-time conservation element solution element (CE/SE) method is applied in the classical around square cylinder flow problem for aeroacoustics simulation. The unsteady Navier-Stokes equation and Euler equation are solved to directly numerical simulate the aero-acoustics field aroused in unsteady turbulent flow. The computation domain is decomposed into sound-near field and sound-far field, they are computed and analyzed. Large eddy simulation (LES) is used to compute the acoustic source while the Ffowcs Williams-Hawkings (FW-H) acoustic analogy is applied to this problem also. Comparing the two methods, qualitative agreement is demonstrated using the frequency-spectrum of a monitor point located at (50D,0 ). The CE/SE method is able to extract more details about the non-linear relation between the flow and sound.
successfully. Flow field was solved by Brentner using URANS, Farassat 1A equation for sound field; Kumarasamy used URANS for flow field, Helmholtz equation for sound field; Spyropoulos used LES for flow field, Curler equation for sound field; Ching Y.Loh then used the CE/SE scheme for flow field computation and the dominating frequency was got using Fast Fourier transform (FFT), it was least error within 4%, but the sound field did not computed [10] .
In this paper, the original CE/SE scheme is modified using the second order Taylor expansion for higher accuracy. Instead of difference using the first order variable, the viscosity term could be obtained directly since the second order difference would be a solution variable. As illustrated by Zhang [7] , a new scheme using the modified CE is derived. Accordingly, the logic of the modified CE/SE scheme is simple and can be easily implemented and has higher accuracy a compared to the original CE/SE method. The computation domain is decomposed into two parts, a sound-near field and sound-far field. The Navier-Stokes equation is solved by second order Taylor expansion CE/SE scheme in the sound-near field for accurately computing of sound source, while the Euler equation is applied by first order Taylor expansion CE/SE scheme in sound-far field for decreasing the computing resources. The result would be compared to the LES/FW-H method.
NUMERICAL METHODOLOGY 2.1. Governing Equation
Flow around a square cylinder contains the flow separation, vortex shedding, inverse flow and other rich fluid dynamics. We now consider a dimensionless conservation form of the 2D unsteady Navier-Stokes equations. 
Here ρ, p, u, v and e represent the density, pressure, Cartesian velocity components and the total internal energy. 
CE and SE
Numerical formulation of the space-time CE/SE method has been discussed in full details in many other papers. The key question is the definition of CE and SE in which different format could be obtained with different definition. The stagger mesh in both temporal and spatial axes is used in this paper and the definition of CE and SE are congruent as the first kind Proposed by Zhang [7] . Fig.1 represents grid points in a x-y plane. There are two groups of grid points, marked by open circles and triangles, which represent mesh nodes at two different time levels.
The definitions of CE and SE are shown in Fig.2 . Here the CE is the quadrilateral cylinder CEHGC'E'H'G', and the SE is a union of the quadrilateral cylinder P"Q"R'S"P'Q'R'S' and the horizontal plane CEHG. Unlike conventional CFD algorithms, the CE/SE scheme is formulated by treating both temporal and spatial directions with synergy. To this end, eqn (1) is integrated and discretized at the Euclidean space using (x,y,t) as the coordinates. See Ref.7 for details.
First order Taylor expansion is used in present papers, the second order derivative is computed by the central different using first order derivative. The precision of the second order derivative in the viscosity term could not be ensured. In order to get the high accuracy order CE/SE scheme, the SEs are approximated by the second order Taylor expansion, not only using more number of mesh independent.
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Turbulence Model
CE/SE scheme is a DNS like method. A simplified implicit LES procedure similar to those used in Ref.
13 is adopted here to account for the strong momentum exchange in the wake zone. In the LES, a simple Smagorinsky subgrid scale model is used for the eddy viscosity.
With Ä = (Äx?Äy) 1/2 and C s = 0.1. ì + ì t replace ì in the actual computation. In simulating the near wall using Smagorinsky subgrid scale model. we apply Ä = ((Äx?Äy) 1/2 (1 − exp(−y + /26)) for the object of decreasing divergent near the wall. y + is about 30, which not local inside viscosity substratum, the logarithmic instead.
Computational Domain and Domain Decomposed Technology
The geometry as shown in Fig. 3 is divided into 8 blocks. There are two monitor points located at the (20D,0) and (50D,0) named point A and point B, where D is the length of side. The sound-near field structure is unsteady and turbulent. Using second order Taylor expansion CE/SE scheme, Navier-Stokes equation is solved. The viscosity of the sound-far field could be ignored, so first order Taylor expansion CE/SE scheme of Euler equation is solved for decreasing the computing resources demand. A 1/2 overlapping mesh method is applied at the intersection of the two field as show in Fig.4 . The nonphysical reflection of numerical method could pollute the numerical solution and influence the precision. Two types of Non-reflection boundary in Ref. 9 are applied for reducing the Non-physical reflection. A outflow NREC is used at the outlet of the computation domain and a normal NREC is used at the other boundary condition. The problem is solved for isothermal condition. Unsteady problem is solved with the time step dt = 0.00002. The inflow Mach number is M = 0.2 while the Reynolds number is Re = 53200. All variable at the computation domain are
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The direct aero-acoustics simulation of flow around a square cylinder using the CE/SE scheme set equally to the ambient's and derivative set to zero, 2D simulation starts from a uniform flow field. In the computation, the CFL is about 0.85. the sound-near field is computed about 21000 steps at first .Periodic fluctuation of the pressure could be observed at the monitor point. Then the sound-far field computation begin. The variables and derivatives are stored into files from 31000 steps and there are a total of 76000 steps in this computation such that data is stored every 500 steps.
RESULTS AND DISCUSSION

The Near-sound Field Results
Instantaneous streamlines to study the separation and transition processes on the square cylinder. In this study, four wake patterns are observed: the vortex generating at the upper side, the vortex shedding and growing near the upper side, the vortex generating at the lower side, the vortex shedding and growing near the lower side. The instantaneous pressure contours are shown in Fig. 5 at the sound-near field and the instantaneous density contours are shown in Fig. 6 are between 0.97 and 1.015 in dimensionless value. Flow separation and vortex shedding appear on the suction surface of the square cylinder where a separated mixing layer and vortex shedding are clearly illustrated by plotting contours of instantaneous pressure couture. The variation of destiny at the sound-near field is little, but it is the same scale as the fluctuating of sound pressure and the destiny, so the compressibility Navier-Stokes and suitable as the governing equation. The instantaneous streamlines shown in Fig.5 represent four different times in a periodic time measurement. The abundant flow phenomenon are observed, including the inversing flow, the separated flow, the vortex shedding and so on. As far as to the square cylinder is concerned, the main flow is detached at the upper and lower sides and the flow make the round of square cylinder. The separation point of the upstream alternating motion up and down the wake and the vortex row behind the square cylinder flow outlet shaking.
The wake and inversing flow appear near the upper and lower sides belong to the flow separate behind the front angular point. The eddy generate and grow. A wake Zone and a inversing Zone are formed behind the square cylinder, about 1.65D and 1.7D respectively.
The vortex generating at the upper side is shown in Fig.5(a) , then grow and move to the downstream in Fig.5(b) and Fig.5(c) , the vortex shed from the upper side and another vortex generating at the lower side in Fig.5(d) . In a word, There is a unsteady periodic flow phenomenon to be formed in the flow
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The direct aero-acoustics simulation of flow around a square cylinder using the CE/SE scheme around a square cylinder, under certain conditions, the law coherent structure present at the wake structure, there is a dominating shedding frequency.
The Results of the Sound Field Using CE/SE Scheme
The fluctuating pressure histories of point A and point B are shown in Fig.6 after the quasi-stable state, defined as p sound = p − p inf .The p rms is used as p inf . The fluctuating pressure of point A could stand for the sound-near field sound pressure and point B for sound-far field sound pressure. They are the same periodic time and the amplitude of point A is about four times as of point B. The sound pressure contours at four different times in a periodic time are shown in Fig.6 . The square domain is the 20D ×20D flow field domain. For the hugh scale difference of the two computation domain, the 20D ×20D domain is not shown. The remarkable fluctuating pressure could be found at the wake zone behind the square cylinder, but there is no obvious sound wave transmission to far field. The fluctuating pressure is due to by the vortex emerging, shedding and extinction, which are known as quasi-sound. The upper side and the lower side are the main sound source, the sound arose from them and propagate to far field. So the main source is a dipole. There is sound wave arose at the wake zone, but weak, so a quadrupole could be neglected at this case. At the inflow orientation, there is no remarking sound wave propagation for the quasi-stable pressure at the front wall. The numerical simulation is coincidence with the computationally [14, 15] . The amplitude at the different direction is varied belong to the directivity. The waveform at the boundary does not show any skewness, so the NREC using in this paper is appropriate.
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THE HYBRID LES-ACOUSTIC ANALOGY METHOD
To compare the numerical results, the commercial CFD software Fluent is applied to compute this problem. The flow parameters and geometry are the same as in the previous case. Using the incompressible unsteady Navier-Stokes equation as the governing equation, the large-eddy-simulation is applied at this case, no far-sound field mesh needed. The same near-sound field mesh is used in Fluent. The Bounded central differencing discretization is used for
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The direct aero-acoustics simulation of flow around a square cylinder using the CE/SE scheme Figure 7 . (a) the spectrum of Point B using CE/SE scheme; (b) the spectrum of Point B using Flunet. momentum, presto for press, and PISO for pressure-velocity couping. The Subgrid-scale (SGS) model uses the Smagorinsky-Lilly. The unsteady time step is 0.0002. When the residual error is periodic fluctuating, the aero-acoustics model is applied when the computation is finished. The FW-H equation is employed to calculate the acoustics field. The integration of the FW-H equation is carried out in the frequency domain. Using FFT, the frequency spectrum of the monitor point is obtained. Two points A and B as shown in Figure 3 were chosen for plotting the pressure. The frequency of vortex shedding was calculated by plotting pressure as a function of time at point B, at a distance of (50D,0) from the cylinder, where D is the diameter of the cylinder. FFT was taken of the pressure-time function to get the most dominant frequency using the Hanning windows the most domain dominant frequency was found to be about 600 Hz. The frequency spectrum of the FFT is shown in Fig.7 . The frequency spectrum of FFT using LES/FW-H method by commercial CFD softwarefluent shown in Figure 7 (b) is observed at the same point B the dominant frequency is about 600Hz of the two Figs. The same frequency of vortex shedding could be obtained by the two methods with less difference of the magnitude. For low mach flow, the quad-rapole strength is neglected in LES/FW-H method and the sound-source is compact assumed, this caused the difference result of the two methods.
SUMMARY
A direct aero-acoustics simulation of flow around a square cylinder using the CE/SE method has been presented in this paper. The high order CE/SE Navier-Stocks equation is used to compute the near-sound field and soundsource is obtained. The Euler equation is employed to calculate the sound propagation by CE/SE scheme. As a comparison, two-dimensional LES/FW-H method is also used to simulate this problem using the commercial CFD software-fluent. By comparison, the CE/SE scheme could solve the NavierStokes equation and Euler equation under litter mesh cells, litter computation resources and high accuracy.
There is an unsteady periodic flow phenomenon to be formed in the flow around a square cylinder, under certain conditions, the law coherent structure present at the Wake structure, there is a dominant shedding frequency.
The sound is directivity and the main sound source is dipole which arose by the vortex shedding from the upper and lower sides. The dipole is the main source relative to quadrupole source.
